Introduction
The conserved character of rRNAs is manifested in a common core structure of the homologous molecules. At the same time there is enough variation of primary and higher order structure at well known positions or regions to allow comprehensive phylogenetic investigations. In many cases signature nucleotides or sequences could be defined which are specific for phylogenetic groups of organisms (Larsen et al., 1985; Woese, 1987) . Besides the primary structure signatures, the presence or absence, length and shape of higher order structure elements (helices) often correlate with phylogenetic groups. A remarkable degree of length variation can be seen, especially in 23s rRNAs or rRNA genes, which results from the presence or absence of often large structure elements or sequence stretches (Larsen et al., 1985 ; Hopfl et a[., 1989) . The presently available data on 23s rRNA gene sequences indicate that there are group-specific insertions or deletions. The terms insertion and deletion are used to denote additional or missing bases in comparison to the 23s rRNA gene sequence of Escherichia coli. However, many of the large insertions are highly variable in occurrence and structure. Burgin et ul. (1990) authors called intervening sequences. These intervening sequences were found at two different positions. They can form helical structures and expand helices 25 and 45 (Hopfl et al., 1989) of premature 23s rRNA. Even within a particular strain only part of the multiple rRNA operons contain one or both of the intervening sequences. The sequence similarity between the extra elements of helix 45 of two different Salmonella species is only 77% while the overall similarity of the 23s rRNA genes is 97%. Recently Skurnik & Toivanen (1991) reported intervening sequences corresponding to those of salmonella (helix 45) in the 23s rRNA genes of Yersinia enterocolitica strains. The sequence similarities between the intervening sequences of highly virulent Yersinia strains and those of Salmonella strains are higher (about 90%) than the similarities between the corresponding sequences of highly and poorly virulent Yersinia enterocolitica strains (about 60%). Additional sequence stretches are inserted at two homologous positions of 23s rRNA genes of the closely related species Rhodobacter cupsulatus (Hopfl et al., 1988 (Hopfl et al., , 1989 and Rhodobacter sphaeroides (Dryden & Kaplan, 1990) . In both cases the lengths of the intervening sequences of the two species are remarkably different. It has been shown that the large intervening sequences in 23s rRNA genes of Salmonella (Burgin et al., 1990 ), Yersinia (Shurnik & Toivanen, 1991 and Rhodobacter (Dryden & Kaplan, 1990) are removed during maturation of the rRNAs. After processing the rRNAs remain fragmented with in the ribosome. Fragmented 23s rRNAs seem to be widespread among the Proteobacteria (Pace, 1973) , but have also been reported for representatives of other bacterial phyla (Hsu et al., 1990) . While for eucarya and archaea (Woese et al., 1990) true introns in rRNA genes have been described (Garret et al., 1991) , none of the extra sequences in rRNA genes of (eu)bacteria known so far are introns. Besides several smaller insertions, an additional large insertion was found in the 23s rRNA genes of some representatives of the phylogenetic group of Grampositive bacteria with a high DNA G + C content, namely Frankia sp. (GenBank accession no. M55343), Micrococcus luteus (Regensburger et (Pernodet et al., 1989) and Streptomyces griseus (Kim et al., 1991) . The similarities between the insertion sequences of the four species are 54%-79% in comparison with overall 23s rRNA gene similarities of 8 1 -8%-95-1 %. This again indicates, that the insertion belongs to the variable regions of the 23s rRNA gene. However, since insertions of comparable lengths were found at homologous positions of the 23s rRNA genes of only moderately related M. luteus, streptomycetes and mycobacteria, we decided to investigate the presence and structure of this insertion in 23s rRNA genes of various representatives of the Gram-positive bacteria with a high DNA G + C content. 
Methods
Organisms and culture conditions. The organisms investigated in the present study are listed in Table 1 Purification of' DNA. DNAs were purified according to Marmur (1961) . In addition, DNAs were kindly provided by E. Bottger (Hannover, Germany), M. Ehrmann (Technical University Munchen, Germany), D. Hahn (Wageningen, The Netherlands), and A.
Regensburger (Technical University Miinchen, Germany).
In vitro amplification of rRNA genes. Either purified genomic DNA (0.1-1 pg) or whole cells (one colony) were used for in vitro amplification of rRNA genes (rDNA) applying the polymerase chain reaction technique (Saiki el al., 1988) in combination with a 23s rRNA gene-specific primer pair (231nsV. 5'-MADGCGTAGNCGAWGG-3' and 23InsR, 5'-GTG WCGGTTTNBGGTA-3'). The amplification was carried out using the Taq Polymerase kit of Boehringer and a PolyChain Thermocycler (Polygen). The cycling parameters were as follows: 1 min denaturation at 95 "C, 2 min annealing at 52 "C, and 3 min extension at 72 "C. After 33 cycles, a final incubation followed for Smin at 72°C. The lengths of the amplified fragments were checked by agarose gel electrophoresis (3 %, w/v, agarose) in comparison with the corresponding rDNA fragments of E. coli and Rhodohacter capsulatus, and a length standard (123 bp ladder, Gibco BRL).
DNA and RNA sequencing. The amplified rDNA fragments were separated by agarose gel electrophoresis and purified using the USBioclean MP kit (USB). The DNA fragments were either sequenced directly or after cloning (Chen & Seeburg, 1985) in the vector pBluescript (Stratagene) using the Sequenase Version 2.0 Sequencing Kit (USB). rRNA was purified and sequenced using reverse transcriptase as described by Embley et al. (1988) .
Hybridization. Southern and Northern hybridizations were carried out as described by Sambrook et al. (1989) . 23InsR Fig. 1 . Potential secondary structure model of Domain I11 of the 23s rRNA of C. glutamicum AS019. The insertion is shown as a secondary structure element which is located between helices 54 and 55. The target sites of the amplification primers (23InsV, 23InsR) and of the insertion-specific hybridization probe (Cgll875) are marked by solid lines.
Results and Discussion
The 23s rRNA genes of 64 representatives of the major phylogenetic groups within the line of descent of Grampositive bacteria with a high DNA G + C content were investigated with respect to presence, length and structure of an insertion in domain I11 (Hopfl et al., 1989) , which had been detected in the corresponding genes of M. luteus (Regensburger et al., 1988; Hopfl et al., 1989) and eight Streptomyces species (Pernodet et al., 1989; Stackebrandt et al., 1991) . Fig. 1 shows a potential secondary structure model of domain 111 of the 23s rRNA of Corynebacterium glutamicum. The insertion is located between helices 54 and 55 (Hopfl et al., 1989) . The part of domain 111 comprising helices 54-59 is a rather variable region within the 23s rRNA (Hopfl et af., 1989) which is flanked by short conserved sequence stretches. These conserved regions of the 23s rRNA gene served as target sites for a primer pair used for the in vitro amplification of rDNA coding for this portion of the 23s rRNA. The target sites are marked in Fig. 1 . The resulting rDNA fragments (about 375 bp) can easily be distinguished from homologous fragments lacking the approximately 100 bp insertion by agarose gel electrophoresis. Fig. 2 is a photograph of electrophoretically separated rDNA amplificates of various Gram-positive bacteria with a high DNA G + C content. Besides the length standards, a mixture of homologous in uitroamplified rDNA fragments from E. coli and R . capsulatus were included for comparison. The insertion is missing in the 23s rRNA genes of the latter organisms (Brosius et al., 1981 ; Hopfl et al., 1988, 1989 ). In comparison with the E. coli 23s rRNA sequence a further 103 bases are deleted in the 23s rRNA of R . capsulatus from helices 55, 56, 58 and 59 (Hopfl et al., 1988 (Hopfl et al., , 1989 . Therefore, the amplificate of the rDNA of R . capsulatus is even shorter than that of E. coli. The amplified rDNA fragments of all Gram-positive bacteria with a high DNA G + C content comprised about 375 bp indicating the presence of about 100 extra base pairs. The insertion was detected in the 23s rRNA genes of all 64 Grampositive bacteria with a high DNA G + C content investigated (Table l) , and was missing in 55 complete 23s rRNA sequences representing Gram-positive bacteria with a low DNA G + C content and all (eu)bacterial phyla (Table 2 ). In addition, the presence of the sequence in all of five putative 23s rRNA genes of C. glutamicum was demonstrated by Southern hybridization of genomic DNA restriction fragments to a site-specific oligonucleotide Cgll875 (5'-TATTGGGTGGTTAGTATC-3') which binds within the insertion sequence. The target site is marked in Fig. 1 .
In order to see whether these additional bases are inserted at a particular homologous position in the 23s rRNA genes of the different organisms, the nucleotide sequences of all rDNA fragments were determined. The nucleotide sequences have been deposited at the Genbank sequence data base under accession numbers M85086 -M85141. In all 23s rRNA genes investigated the additional bases are inserted at a homologous position. The position within domain I11 of 23s rRNA is shown in the potential secondary structure model of that domain of C. glutamicurn (Fig. 1 ). An alignment of a selection of sequences is shown in Fig. 3 Table 3 lists similarity values of the insertion sequences from representatives of the major phylogenetic groups of Gram-positive bacteria with a high DNA G + C content. Mean values are given for which was used as a common probe for (eu)bacteria (Fig.  5) . rRNAs of C. glutamicum and R. capsulatus were analysed in comparison. The amplified 23s rDNA fragments of C. glutamicum, E. coli and R. capsulatus were included for length comparison and as standards for the intensities of the hybridization signals. No major amounts of precursor nor of fragmented rRNA were detected by gel electrophoresis in the case of C. glutamicum. In contrast, the 23s rRNA of R. capsulatus was fragmented (Fig. 5a) . The (eu)bacterial probe hybridized to the non-fragmented C. glutamicum 23s rRNA, one of the R. capsulatus 23s rRNA fragments, and to the amplified rDNAs (Fig. 56) . The insertionspecific probe hybridized only to the non-fragmented 23s rRNA and the amplified rDNA fragments of C. glutamicum (Fig. 5c) . The intensity of the hybridization signals of the insertion-specific probe/RNA hybrids is not diminished in comparison with that of the (eu)bacterial probe/RNA hybrids. These results indicate that the insertion is present in non-fragmented mature 23s rRNA of C. glutamicum, and that a splicing event is highly unlikely. However, the presence in mature 23s Characteristic insertion within 23s rRNA sequence 1 I75
rRNA of other Gram-positive bacteria with a high DNA G + C content as well as its potential position and function within ribosomes remain to be analysed. The type of insertion found in the 23s rRNA genes of Gram-positive bacteria with a high DNA G + C content seems to be substantially different from that found in all or part of the rRNA genes of a few strains of Salmonella and Yersinia (Burgin et al., 1990; Skurnik & Toivanen, 199 1 ). The intervening sequences described by these authors are unstable elements which are lost during the processing of precursor rRNA resulting in fragmented 23s rRNA molecules. These elements may be exchanged between the different genes within the individual and may be transferred to other strains or species (Burgin et al., 1990) . It is highly likely that they were acquired very recently during the course of evolution. In contrast, the ubiquitous distribution among the various lines of descent of the Gram-positive bacteria with a high DNA G + C content, together with the obvious structural similarities indicate that the insertion described here is a characteristic marker of this major phylogenetic group. In consequence the element may have been introduced in early evolutionary times. Since a comparable insertion could not be detected in any 23s rRNA genes of 16 representatives of Gram-positive bacteria with a low DNA G + C content, nor in those from 39 members of other bacterial phyla, it is unlikely that it is a remnant that was deleted from the other genes.
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